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Abstract 
The nano-emulsion polymerization method was used to synthesize the latex nanoparticles. Two set of samples are prepared by fast drying 
and slow drying process. For each process they have a two different amount of monomer. The monomer consists of butyl methacrylate 
(BMA), butyl acrylate (BA), and methacrylic acid (MAA). The average particle size of latex by fast drying process is 31.94 nm for low 
amount of monomer and 19.59 nm for high amount of monomer. By slow drying process the average particle size of latex nanoparticles 
for low and high amount of monomer are 26 nm and 8.62 nm respectively. All the samples that were prepared are characterized by 
Atomic Force Microscopy (AFM). We have found that the butyl methacrylate (BMA) content in between 6 g and 10 g has sensitively 
effect to the synthesization of nano-polymer for the both method of fast drying process and slow drying process of nano-emulsion 
polymerization method. 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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1. Introduction 
Polymer nanoparticles with smaller size distribution have a wide range of applications such as paints, coatings, and 
adhesives [1-4]. Emulsion polymerization is the common technique for the production of colloidal polymer suspensions 
(latex) where the polymer is finely distributed in a liquid dispersion medium in the form of stable individual particles [5]. 
The basic ingredients required for an emulsion polymerization are the monomer, the dispersion medium, the emulsifier, and 
the initiator. An emulsion of monomer droplets is formed in the continuous dispersion medium when all the ingredients are 
mixed together within a certain temperature range. Initiator cause the formation of radical mechanism then propagates the 
polymerization. A stable emulsion of polymer will be formed when the polymerization is completed [6-8]. 
Based on the numerous reports of the film formation of latex, it is widely accepted that there are three main stages during 
drying process of the latex film [9-11].  First stage, water will evaporates from the stable dispersion that was applied onto a 
substrate, and the polymer particles become proximity. The evaporation rate of water decreases when enter to the next 
stages and deformation of the particles occurs due to capillary pressure. Lastly, polymer diffusion occurs across the 
boundary and forms a homogeneous film.  
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In this work, the latex nanoparticles solution at different amount of monomer is prepared via nano-emulsion 
polymerization method. The samples have been characterized by Atomic Force Microscopy (AFM) to study the effect of 
particle size using different drying process.  
2. Experimental  
2.1. Materials 
The monomer content of butyl methacrylate (BMA), butyl acrylate (BA), and methacrylic acid (MAA), N,N,N’,N’-
tetramethylethylenediamine (TMEDA) (accelerator for initiator), 2-amino-2-methyl-1-propanol (AMP), and ethanol were 
purchased from Merck without further purification. Ammonium persulfate (APS) (polymerization initiator), sodium dodecyl 
sulfate (SDS), and ammonia solution 25 % brought from R&M chemical were used as received. Deionized water was used 
throughout the experimental work. 
2.2. Polymerization 
A typical polymerization procedure has been discussed elsewhere [4,7,12,13] but here we are proposed a simplest 
method where all of the chemical used are mixed together in a beaker without bubbling nitrogen gas. First, four type of 
solutions are prepared, monomer solution that consist of BMA (5.7 g and 9.7 g), 2.1 g of BA, and 0.2 g of MAA. Then 
acceletor solutions consist of 0.046 g of TMEDA and 5 g of de-ionized water. Initiator solution consist of 0.1 g APS and 5 g 
of de-ionized water and lastly AMP solution that consist of 5 g 2-amino-2-methyl-1-propanol (AMP) and 5 g of de-ionized 
water.  
Next 0.3 g monomer solution, 1.0 g of SDS, 0.1 g of ethanol, and 78.7 g of de-ionized water was poured into a beaker. 
The pH is adjusted to 9.0 - 10.0 by using ammonia. The nano-emulsion is heated to 40 oC and stirred about 600 revolutions 
per minute (rpm). Next acceletor solution and initiator solution were added into the nano-emulsion with continue stirring 
and maintain temperature. 0.1 g of ethanol was added to the rest of monomer solution and later was added drop-wise into 
the nano-emulsion. After addition was completed, stirring continue at 40 oC for about 2 - 3 h. The solution then cools to 
ambient temperature. AMP solution was slowly added to bring the pH to 9.2 - 9.5. The product is nearly transparent 
dispersion of polymer nanoparticles. 
2.3 Drying process 
Glass substrate (2 cm x 2 cm) is cleaned to get a good adhesion of coating. The substrates were cleaned using acetone 
twice, methanol twice, and distilled water in ultrasonic bath for 5 minutes each. Finally, the substrates were blow with 
nitrogen gas. The cleaned glass substrates were dipped into the latex solution to obtain the thin film of latex nanoparticles. 
The sample were left at room temperature and going through different drying process. For fast drying process, sample was 
placed in a beaker and exposed in the air. For slow drying process, sample was placed in a beaker with aluminum foil 
wrapped on top of the beaker and small holes were made on the aluminum foil. This method is different from the previous 
study [11,14] as they used annealing process at high temperature.   
2.2 Atomic Force Microscopy (AFM) 
AFM XE-100 Park System was used to characterize all of the samples. It offers the visualization in three dimensional 
and gives the information of physical properties including size, morphology, surface texture, and roughness. It is able to 
provide high-resolution images of the film surfaces without any pre-treatment of sample under ambient condition. The scan 
rate was kept below 2 Hz to ensure adequate tracking of surface features. All images were auto-flattened by a computer to 
correct for drift in piezo extension over the time of the scan [15]. 
3. Results and discussion 
The particle morphology of the latex nanoparticles are characterized and presented by the Atomic Force Microscopy 
(AFM) as showed in Fig. 1 and Fig. 2 for two different amount of butyl methacrylate (BMA). For each samples five point of 
the particle size has been taken to get the average size of the particle. The samples of Fig. 1a and Fig. 1b are prepared using 
a fast drying process. At 5.7 g of BMA, the particle sizes of the sample are 29.77, 30.65, 32.19, 33.27, and 33.82 nm (as 
point in Fig. 1a). The average of particle size is 31.94 nm and the agglomerate size is 3427 nm. For 9.7 g of BMA the 
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particle sizes are 18.42, 19.03, 19.57, 20.01, and 20.92 nm (as point in Fig. 1b). The average size of the particle is 19.59 nm 
and the agglomerate size 3770 nm. Fig. 2a and Fig. 2b display the results of slow drying process; at low amount of BMA the 
sizes of the particle are 24.44, 25.13, 26.02, 26.72, and 27.69 nm (as point in Fig. 2a). The average size of particle is 26 nm 
and the agglomerate size is 565 nm. For higher amount of BMA the sizes of the particle are 7.32, 7.65, 8.05, 9.97, and 10.11 
nm (as point in Fig. 2b). The average size and the agglomerate size of the particle are 8.62 nm and 907 nm respectively. The 
particle size of the samples was measured from peak-to-valley distances while the agglomerate size of the samples is based 
on the peak-to-peak distances. The roughness surface for Fig. 1a, 1b, 2a, and 2b is found to be a slightly different where it is 
5.357 nm, 3.726 nm, 5 nm, and 1 nm respectively. Table 1 gives the summarized of the AFM results. 
Based on this results as the monomer increased the average particles of size will be decreased, it is contradict with the 
previous study [7,14] but agree with the theory where the higher the surfactant/monomer weight ratio, the smaller the 
particle size [16]. As previous study using annealing process at high temperature (90 oC) it was found to give a size of 
particle in the range of 29 nm [14]. From my humble knowledge, there are nobody reported the average particle of size 
below 8.62 nm. By using the slow drying process it is successful to give a narrower average particle sizes. The agglomerate 
size become bigger as the BMA amount was added more. Slow drying process give the smaller average particles size 
compared with fast drying process. 
 
 
Fig. 1. AFM image of latex using fast drying process: (a) 5.7 (b) 9.7 g of BMA 
 
 
 
 
 
 
 
Fig. 2. AFM image of latex using slow drying process: (a) 5.7 (b) 9.7 g of BMA 
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   Table 1. Summarize of the results 
Drying Process BMA (g) Size of particles 
(nm) 
Average size of 
particles (nm) 
Size of agglomerate 
particles (nm) 
Roughness (nm) 
29.77 
30.65 
32.19 
33.27 
5.7 
33.82 
31.94 3427 5.357 
18.42 
19.03 
19.57 
20.01 
Fast  
9.7 
20.92 
19.59 3770 3.726 
24.44 
25.13 
26.02 
26.72 
5.7 
27.69 
26.00 565 5.000 
7.32 
7.65 
8.05 
9.97 
Slow 
9.7 
10.11 
8.62 907 1.000 
 
4. Conclusion 
In summary, we prepared the latex nanoparticles via the nano-emulsion polymerization method. The drying process is 
optimized in order to get small average particle size of latex. High amount of monomer gives a better result compared to the 
low amount of monomer. Slow drying process of nano-emulsion polymerization method is found to give a small average 
size of nano-particle that contribute to the large surface area as has been confirmed by Atomic Force Microscopy (AFM) 
characterization. On results have shown that, the roughness surfaces of morphology are slightly to be different for all 
samples prepared at different amount of butyl methacrylate (BMA). The average particle size of latex by fast drying process 
is 31.94 nm for low amount of monomer and 19.59 nm for high amount of monomer. By slow drying process the average 
particle size of latex nanoparticles for low and high amount of monomer are 26 nm and 8.62 nm respectively. Therefore, we 
have found that the butyl methacrylate (BMA) content in between 6 g and 10 g has sensitively effect to the synthesization of 
nano-polymer for the both method of fast drying process and slow drying process of nano-emulsion polymerization method. 
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